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(54) UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a liquid crystal 
display device having an excellent contrast 
characteristic and paper white characteristic by 
providing a surface for reflecting the light of a reflection 
layer with ruggedness and specifying the ratio of the 
area of the region having the angle below a specified 
value of inclination of the tangent of the ruggedness to 
the surface to the area of the substrates to be in a ' 
specified range. 

SOLUTION: The reflection type LCD 20 has a polarizing 
plate 22, a phase difference plate 23 and a liquid crystal 
cell 20a in this order. The liquid crystal cell 20a has the 
upper substrate 26, the lower substrate (reflection 
substrate) 25 and the liquid crystal layer 24 held 
between the upper substrate 26 and the lower substrate 
25. The lower substrate 25 has plural projecting parts 32, 
high-polymer resin layers 33 covering these projecting 
parts 32, the reflection layer 34 and an oriented film 35 
in this order on the surface of the transparent substrate 

31 on the liquid crystal layer 24 side. The reflection plate and polarizing plate 22 of the device 
are disposed on the different sides of the liquid crystal layer. The surface which reflects light of 
the reflection layer 34 has the ruggedness and the ratio of the area of the region having <2° 
angle of inclination of the tangent of the ruggedness to the surface to the area of the substrate 
is 20 to 60%. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
l.This document has been translated by computer. 
So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 
[Claim(s)] 

[Claim l] It is the liquid crystal display which has 
the liquid crystal layer ****(ed) between the 
substrate of a pair, and the substrate of this pair, 
one polarizing plate, and a reflecting layer. This 
reflecting layer and this polarizing plate The ratio 
to the area of this substrate of the area of the field 
whenever [ tilt-angle / of a tangent / as opposed to / 
it is prepared in the side from which this liquid 
crystal layer differs, and the field in which this 
reflecting layer reflects light has irregularity, and / 
this irregularity / whose ] is less than 2 degrees is 
20% or more liquid crystal display it is [ liquid 
crystal display ] 60% or less. 

[Claim 2] This liquid crystal layer is a liquid 
crystal display according to claim 1 driven in 
electric field effect birefringence mode. 
[Claim 3] The liquid crystal display according to 
claim 1 or 2 whose difference of the retardation of 
said liquid crystal layer by said irregularity is 
40nm or less. 

[Claim 4] A liquid crystal display given in either of 
claims 1-3 whose difference of the thickness of 
said liquid crystal layer by said irregularity is 1 
micrometer or less. 

[Claim 5] The reflecting plate whose ratio to the 
area of this substrate of the area of the field 
whenever [ tilt-angle / of a tangent / as opposed to / 
the field in which light is reflected has irregularity 
and / this irregularity / whose ] it is a substrate for 
reflecting light and is less than 2 degrees is 60% or 
less 20% or more. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to 
the reflective mold liquid crystal display in electric 
field effect birefringence mode especially about the 
reflective mold liquid crystal display which 
displays by reflecting the polarization by which 
incidence was carried out with a reflecting plate. 
[0002] 

[Description of the Prior Art] It becomes most 
important in the engine performance required of 
the reflective mold LCD (liquid crystal display) 
how an ambient light is effectively utilizable. The 
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display mode generally used for current, the 
calculator, the word processor, etc. is TN method 
(twisted nematic) method which combined two 
polarizing plates and a reflecting plate. 
[0003] However, by the method using such two 
polarizing plates, the linearly polarized light 
component of either of the two linearly polarized 
light components which intersect perpendicularly 
mutually [ the elliptically polarized light (the 
circular polarization of light and the linearly 
polarized light are included) reflected with the 
reflecting plate ] is absorbed with the polarizing 
plate arranged between a reflecting plate and a 
liquid crystal layer. Therefore, since there is a loss 
of basing-on absorption of polarizing plate light, a 
bright display is not obtained. 

[0004] The liquid crystal display in ECB 
(electric-field control birefringence) mode using 
one polarizing plate as a display mode with which 
a display possible [ a gradation display ] and 
bright moreover is obtained is proposed (others 
[ Nakamura ]: 18th liquid crystal debate 3D 110). 
[0005] The principle of operation of the reflective 
mold liquid crystal display in this ECB mode is 
explained referring to drawing 1 . Drawing 1 is the 
functional model Fig. of the reflective mold liquid 
crystal display 10 in ECB mode, and the case 
where (a) shows a dark condition and (b) shows 
bright state is shown, respectively. 
[0006] The reflective mold liquid crystal display 10 
in ECB mode is equipped with a polarizing plate 2, 
the phase contrast plate 3, the liquid crystal layer 
4, and a reflecting plate 5. In the condition which 
shows in drawing 1 (a), since the sum of 
retardation **n-d of the liquid crystal layer 4 and 
the phase contrast plate 3 is set as lambda/4, the 
linearly polarized light which carried out 
incidence and penetrated the polarizing plate 2 as 
shown in the arrow mark Al will turn into the 
circular polarization of light of the hand of cut 
shown in the arrow mark A2, if the liquid crystal 
layer 4 and the phase contrast plate 3 are passed. 
It is reflected by the reflecting plate 5, and this 
circular polarization of light turns into the 
circular polarization of light of the circumference 
of reverse with an arrow mark A 2-way, as shown 
in arrow mark A3. If the circumference circular 
polarization of light of this reverse passes the 
liquid crystal layer 4 and the phase contrast plate 
3, the linearly polarized light at the time of 
incidence will turn into the linearly polarized light 
from which the 90 degrees of the polarization 
directions differ. Therefore, since this linearly 
polarized light cannot penetrate a polarizing plate 
2, a dark condition is displayed. 
[0007] On the other hand, in the condition by 
which it is shown in drawing 1 (b), since the sum 
of retardation **n-d of the liquid crystal layer 4 
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and the phase contrast plate 3 is set as 0, even if 
the linearly polarized light which penetrated the 
polarizing plate 2 passes the liquid crystal layer 4 
and the phase contrast plate 3, a polarization 
condition is maintained. Even if this linearly 
polarized light is depended and reflected by the 
reflecting plate 5, a polarization condition does not 
change. Therefore, since the reflected linearly 
polarized light is maintaining the polarization 
direction when carrying out incidence, it 
penetrates a polarizing plate 2. Consequently, 
bright state is displayed. The value of the sum of 
retardation deltand of the liquid crystal layer 4 
and the phase contrast plate 3 is controlled by 
changing the retardation value of a liquid crystal 
layer by impressing an electrical potential 
difference to the liquid crystal layer 4. Thus, the 
reflective mold liquid crystal display in ECB mode 
can realize a display. 

[0008] JP,7-218906,A is indicating the reflective 
mold liquid crystal display whose contrast 
property improved by having the reflecting plate 
maintained good, even after the polarization 
condition of the polarization which carried out 
incidence reflecting. According to the 
above -mentioned official report, it is made 
desirable to use the reflecting plate with which the 
degree of polarization of the reflected light 
expressed with the stokes parameter becomes 50% 
or more. 
[0009] 

[Problem(s) to be Solved by the Invention] 
However, there were the following problems in a 
Prior art. 

[0010] Generally, since a reflective mold liquid 
crystal display uses the ambient light which 
carries out incidence to a liquid crystal panel, as 
for the reflection factor of a reflecting plate, it is 
desirable [ a liquid crystal display ] that it is high 
as much as possible over the large range. However, 
when the metal membrane which has a mirror 
plane is used, a reflection factor becomes high only 
in the direction of specular reflection, an 
observers face is reflected to the screen or there is 
a problem of being very dark, except the direction 
of specular reflection. 

[00 11] On the other hand, there is a standard 
white plate of MgO powder as a reflecting plate 
excellent in paper White nature. However, since a 
standard white plate has too strong diffusibility, it 
is excellent in paper White nature, but when it 
combines with a liquid crystal layer, a multiple 
echo happens and it has the problem of being as 
contrast being low **** [, and ] . [ shutting / light / 
up into a liquid crystal layer and being dark ] 
[0012] Moreover, since, as for the liquid crystal 
display in ECB mode using the reflective 
substrate currently indicated by above-mentioned 



JP,7-218906,A, optimization of a display property 
is not performed, although contrast is high, there 
is a problem that paper White nature is inferior. 
[0013] The place which it is made in order that 
this invention may solve the above-mentioned 
technical problem, and is made into the purpose is 
to offer a reflective mold liquid crystal display and 
a reflecting plate excellent in a contrast property 
and paper White nature. 
[0014] 

[Means for Solving the Problem] The liquid crystal 
display of this invention is a liquid crystal display 
which has the liquid crystal layer ****(ed) 
between the substrate of a pair, and the substrate 
of this pair, one polarizing plate, and a reflecting 
layer. This reflecting plate and this polarizing 
plate It is prepared in the side from which this 
liquid crystal layer differs, and the field in which 
this reflecting layer reflects light has irregularity, 
the ratio to the area of this substrate of the area of 
the field whenever [ tilt-angle / of the tangent to 
the front face of this irregularity / whose ] is less 
than 2 degrees is 60% or less 20% or more, and the 
above-mentioned purpose is attained by that. 
[0015] As for this liquid crystal layer, it is 
desirable to drive in electric field effect 
birefringence mode. 

[0016] It is desirable that the difference of the 
retardation of said liquid crystal layer by said 
irregularity is 40nm or less. 

[0017] It is desirable that the difference of the 
thickness of said liquid crystal layer by said 
irregularity is 1 micrometer or less. 
[0018] The reflecting plate by this invention is a 
substrate for reflecting light, the. field in which 
light is reflected has irregularity, the ratio to the 
area of this substrate of the area of the field 
whenever [ tilt- angle / of the tangent to this 
irregularity / whose ] is less than 2 degrees is 60% 
or less 20% or, more, and the above-mentioned 
purpose is attained by that. 

[0019] The reflective substrate of this invention 
has the reflector which has irregularity, and the 
ratio [ as opposed to the area of a substrate in the 
area of the flat part whenever / tilt-angle / of a 
tangent / as opposed to irregularity in this 
reflector / whose / is less than 2 degrees ] has 
become 60% or less 20% or more. This flat part 
contributes to improvement in contrast, and 
concave heights contribute to improvement in 
paper White nature. Consequently, the reflective 
mold liquid crystal display excellent in a contrast 
property and paper White nature can be offered. 
[0020] Furthermore, while being able to attain the 
practical contrast 3 by setting a changed part of 
the retardation of the liquid crystal layer by 
irregularity to 40nm or less, high color display can 
be performed to color purity using the interference 
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color in ECB mode. 

[0021] Moreover, even if it uses the liquid crystal 
layer of the STN orientation where a torsion angle 
is large by setting the difference of the thickness 
of the liquid crystal layer by irregularity as 1 
micrometer or less, a liquid crystal display 
without deterioration of the display quality by 
dispersion in a threshold property can be offered. 
[0022] 

[Embodiment of the Invention] Below, the gestalt 
of operation of this invention is explained. 
[0023] (Basic configuration of the reflective mold 
liquid crystal display in ECB mode) The sectional 
view of the reflective mold liquid crystal display 
(reflective mold LCD) 20 in the ECB mode by this 
invention is shown in drawing 2 . This example 
explains the liquid crystal display of the STN (Spa 
twisted pneumatic) mold by which a simple 
MATORIKU drive is carried out. 
[0024] This reflective mold LCD 20 has a 
polarizing plate 22, the phase contrast plate 23, 
and liquid crystal cell 20a in this order from the 
incidence side of light. Liquid crystal cell 20a has 
the liquid crystal layer 24 ****(ed) by the up 
substrate 26, the lower substrate (reflective 
substrate) 25, and the up substrate 26 and the 
lower substrate 25. The up substrate 24 has a 
transparent electrode 28 and the orientation film 
29 in this order in the field by the side of the liquid 
crystal layer 24 of the transparence substrate 27 
and the transparence substrate 27. Moreover, the 
lower substrate 25 has the wrap macromolecule 
resin layer 33, a reflecting layer 34, and the 
orientation film 35 for two or more heights 32 and 
a height 32 in this order in the field by the side of 
the liquid crystal layer 24 of the transparence 
substrate 31. The height 32 has large height 32a 
and small height 32b from which height differs 
mutually. 

[0025] In this example, the reflecting layer 34 is 
formed with aluminum and functions also as an 
electrode. A reflecting layer 34 and a transparent 
electrode 28 are electrodes arranged in the shape 
of a stripe, respectively, intersect perpendicularly 
mutually through a solution layer 24, and, as for a 
reflecting layer 34 and a transparent electrode 28, 
form a MATORIKU-like picture element. As a 
liquid crystal layer 24, the liquid crystal 
ingredient for STN (for example, trade name 
ZLI4427 by Merck Co.) is used. This reflective 
type LCD 20 of a polarizing plate 22, the phase 
contrast plate 23, the liquid crystal layer 24, and a 
reflecting layer 34 function as the polarizing plate 
2, the phase contrast plate 3, the liquid crystal 
layer 4, and reflecting plate 5 of drawing 1 , 
respectively. The phase contrast plate 23 is 
omissible by using the liquid crystal layer from 
which a retardation changes between lambda/4 



and 0 as a liquid crystal layer 24. Since the 
wavelength dispersion of the reflected light can be 
reduced by forming the phase contrast plate 23, 
the high display of color purity is attained. 
Moreover, the display of a wide-field-of view angle 
can be offered by compensating the viewing-angle 
dependency resulting from the orientation of the 
liquid crystal molecule of the liquid crystal layer 
24 with the phase contrast plate 23. 
[0026] The ingredient of a reflecting layer 34 is not 
restricted to aluminum, but other metallic 
materials can also be used for it, and when 
forming the reflecting layer which does not have 
conductivity, it may form a transparent electrode 
in the top face of a reflecting layer separately. 
Moreover, the orientation condition of a liquid 
crystal layer is not restricted to a STN mold, but 
can use widely the liquid crystal layer from which 
a retardation changes with impression of electric 
field. 

[0027] Next, the lower substrate 25 is explained, 
referring to drawing 3 and 4. Drawing 3 is the 
plan of the lower substrate 25. A large number 
formation of large height 31a and small height 31b 
to which the lower substrate 25 consists of resin 
on the transparence substrate 31 is carried out, 
respectively. The substrate with which the 
diameters Dl and D2 in the pars basilaris ossis 
occipitalis (front face of a substrate 31) of large 
height 32a and small height 32b differ from the 
spacing D3 of a height is produced. As for Dl and 
D2, it is desirable that it is in the range of about 3 
to 20 micrometers. If smaller than about 3 
micrometers, processing by the photolithography 
will -become difficult. Moreover, : if about 20 
micrometers is exceeded, the height of heights will 
become high, and the effect which it has on eel 
thickness becomes large. D3 is set up so that the 
rate of surface ratio of the flat part mentioned 
later may serve as suitable range. For example, 
the rate of flat part area can be made about 70% 
by making D3 into the abbreviation 1/3 of Dl and 
D2. In addition, since the diameter of a height 
becomes large by heat-treating a height so that it 
may mention later, the lower limit of D3 becomes 
small and is set to about 1.5 micrometers from the 
lower limit decided by the photolithography. 
[0028] Drawing 4 is a sectional view which 
explains like the manufacture line of the lower 
substrate 25. As a transparence substrate 31, 
thickness tl used the glass substrate (the Corning, 
Inc. make, trade name 7059) which is 11mm. it is 
shown in drawing 4 (a) - as - a glass substrate 31 
top •• as an example - Tokyo adaptation - the 
spin coat of shrine make and the photosensitive 
ingredient of a trade name OFPR800 is carried out 
by 500r.p.m - 3000r.p.m, and the resin layer 41 is 
formed. In this example, a spin coat is carried out 



1 



JP09-258219A 



for 30 seconds by 2500r.p.m, and thickness t2 
forms the 1.5-micrometer resin layer 41. 
[0029] Next, as the substrate with which the resin 
layer 41 was formed is continuously calcinated 
[ for 30 minutes ] and shown in drawing 4 (b) in a 
90-degree C ambient atmosphere, the photo mask 
42 with which much circular protection-from-light 
section of two kinds of size 42a was formed is 
arranged and exposed, then •• as an example - 
Tokyo -■ adaptation -■ negatives were developed 
with the developer which consists of shrine make 
and a 2.38% solution of trade name NMD-3, and 
as shown in drawing 4 (c), large projection 41a and 
small projection 41b from which height differs 
were formed in the front face of a glass substrate 
31. Large projection 41a and small projection 41b 
from which this height differs are realizable by 
controlling the exposure time and developing time. 
[0030] In addition, a photo mask 42 is a 
configuration arranged at random in the circular 
protection-from-light section 42 from which the 
array condition of large projection 41a shown in 
drawing 3 and small projection 41b is acquired. 
Although the diameter of the protection- from light 
section of a photo mask 42 showed the example 
established so that it may correspond to the 
diameter of large projection 41a and small 
projection 41b to drawing 4 (b), it needs to set up 
the pattern (Dl, D2, and D3) of a mask in 
consideration of extent of deformation by melting 
in the heat treatment process of drawing 4 (d) 
.explained later. Typically, the diameters Dl and 
D2 of Heights 32a and 32b increase about twenty 
percent from about 1 rather than the diameter of 
the protection-from-light section of a photo .mask 
according to the deformation (heat whom) by heat 
treatment: Moreover, you may form by forming 
and performing a photolithography process twice 
at one photolithography process, using the photo 
mask of two sheets which has the 
protection-from-light section of magnitude 
different, respectively using the photo mask 42 
which has protection-from-light section 42a of 
magnitude which is different in the height heights 
of different height as shown in drawing 4 (b). here 
- D - 1 = about 10 micrometers and D -■ 2 = about 
8 micrometers and D -- the case of 3 = about 2 
micrometers is shown. 

[0031] Next, the glass substrate 31 with which 
large projection 41a and small projection 41b were 
formed was heated at 200 degrees C for 1 hour, as 
shown in drawing 4 (d), extent fusion of the 
crowning of Projections 41a and 41b was carried 
out a little, and it was made the shape of radii, 
and large height 32a and small height 32b were 
formed. 

[0032] Next, on the glass substrate 31 of this 
condition, as shown in drawing 4 R> 4 (e), the spin 



coat of the same ingredient as said photopolymer 
ingredient is carried out by lOOOr.p.m - 3000r.p.m. 
At this example, a spin coat is carried out by 
suitable 2000r.p.m. Thereby, the hollow between 
each projections 32a and 32b is filled, the front 
face of the macromolecule resin layer 33 is 
comparatively quiet, and it is formed in the 
condition of carrying out the shape of a smooth 
surface. Although the same resin as said 
photopolymer ingredient was applied in this 
example, the thing of a different class may be used. 
In addition, the thickness t4 of a smooth large 
projection formed in the front face of the 
macromolecule resin layer 33 of large height 32a 
was about 1 micrometer, and the thickness t5 of a 
smooth small projection formed of small height 
32b was about 0.3 micrometers. Next, metal thin 
films, such as aluminum, nickel, chromium, silver, 
or gold, are formed on the macromolecule resin 
layer 33 at the about thickness t3, for example, 
0.01-1.0 micrometers. In this example, sputtering 
of the aluminum is carried out and a reflecting 
layer 34 is formed. Thus, the microphotography of 
the front face of the obtained reflective substrate 
60 is shown in drawing 6 R> 6. Moreover, the 
microphotography of the reflective substrate 70 
obtained by performing 2 times of phot 
lithography processes is shown in drawing 7 using 
the photo mask which has the circular 
protection-from-light section with a diameter of 
about 10 micrometers, and the photo mask which 
has the circular protection-from-light section with 
a diameter of about 5 micrometers. 
[0033] In addition, by arranging superficially 
large height 32a and small height 32b at random, 
and changing the height of large height 32a and 
small height 32b further, as mentioned above 
Since the flat part which gives the same phase 
contrast to incident light can be lessened, it 
becomes possible to prevent that the light 
reflected by the reflecting layer 34 interferes, and 
the interference color and a striped pattern occur, 
and it is uniform and the high display of color 
purity can be performed. In addition, the pattern 
of a photo mask 42 may not be limited to the 
above-mentioned example, but the configuration 
except circular is sufficient as it. 
[0034] The following processings are performed to 
the lower substrate 25 produced as mentioned 
above and the up substrate 26 produced by the 
well-known approach. First, the orientation film 
29 and 35 which consists of polyimide resin is 
formed on [ each ] the up substrate 26 and the 
lower substrate 25, and it calcinates at 220 
degrees C for 1 hour. In this example, the Nissan 
chemistry company make and trade name 
SANEBA 150 were used. Next, rubbing processing 
for carrying out orientation of the liquid crystal 
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molecule of the liquid crystal layer 24 is performed. 
Thereby, the final orientation film 29 and 35 is 
formed. 

[0035] Next, the above-mentioned glass substrate 
31 and the sealing compound which closes 
between 27 are formed by screen- stenciling an 
adhesive sealant. 

[0036] Thus, it faces sticking the lower substrate 
25 and the up substrate 26 which were formed, a 
spacer with a diameter of 5.5 micrometers is 
sprinkled to the lower substrate 25, and thickness 
of the liquid crystal layer 24 is regulated. Then, 
after countering and sticking the lower substrate 
25 and the up substrate 26 by said sealant (the 
spacer with a diameter of 6 micrometers was 
mixed as an example), the liquid crystal layer 24 
is formed by carrying out vacuum impregnation of 
the liquid crystal ingredient between the lower 
substrate 25 and the up substrate 26. In this 
example, the liquid crystal layer 34 is formed 
using the pneumatic liquid crystal (the Merck Co. 
make, the trade name ZLI4427 as an example) 
twisted 240 degrees between the lower substrate 
25 and the up substrate 26. 

[0037] The shape of surface type of a reflecting 
layer 33 is controlled, and the reflective mold LCD 
of this invention has the outstanding paper White 
nature and contrast so that it may mention later. 
Below, the configuration of the reflective substrate 
(lower substrate) by this invention is explained at 
a detail. 

[0038] (Area of the flat part of a reflective 
substrate) The various reflective substrates with 
which surface configurations differ were produced 
using -the - approach -mentioned above. -The 
above-mentioned reflective mold liquid crystal 
display was produced using the obtained reflective 
substrate, and contrast and paper White nature 
were evaluated. 

[0039] The area of a flat part was used as an index 
showing the shape of surface type of a reflective 
substrate. As mentioned above, although the 
reflecting plate which has a mirror plane realizes 
high contrast only in the direction of specular 
reflection, it is inferior to paper White nature. On 
the other hand, although a standard white plate is 
excellent in paper White nature, it is dark and its 
contrast is low. The cause of producing the 
difference in this reflection property thought that 
it was in the difference in the shape of surface 
type of a specular reflection plate and a standard 
white plate, and thought that the difference 
among those configurations could be expressed as 
a rate of area of a flat part. 100% of rates of flat 
part area and a standard white plate are 
expressed for a mirror plane as 0% of rates of flat 
part area. 

[0040] The evaluation approach of the rate of area 



of the flat part of a reflective substrate is 
explained referring to drawing 5 R> 5. Drawing 5 
(a) is drawing showing typically the shape of 
surface type of the reflective substrate 50, and 
drawing 5 (b) is drawing showing theta whenever 
[ tilt- angle / which is called for from a surface 
profile ] . In addition, the following observation 
and the evaluations are performed in the 
condition that the reflector which consists of 
aluminum is exposed to the front face of a 
reflective substrate. 

[0041] First, the front face of the reflective 
substrate 50 is observed using an interference 
microscope. The surface profile 52 shown in 
drawing 5 (b) is obtained by scanning the visual 
field core of a microscope along with the scanning 
line 51 of drawing 5 (a) so that it may pass 
through the summit of the heights of the front face 
of the reflective substrate 50. The axis of abscissa 
of drawing 5 (b) expresses the location of substrate 
side inboard, and an axis of ordinate expresses 
concavo-convex height, respectively. Next, a 
tangent 53 is drawn to the irregularity of this 
surface profile 52. The angle of this tangent 53 
and a substrate side (flat surface specified by the 
two-dimensional direction of breadth of a 
reflective substrate) to accomplish is defined as 
the tilt angle theta. In substrate side inboard, at 
the fixed spacing X0, a tangent is drawn to 
irregularity and it asks for the tilt angle theta, 
respectively. This tilt angle theta defines a less 
than 2-degree point as a flat part. Typically, about 
100 points which measure the tilt angle theta are 
measured to one heights by every about 0.1 
micrometers _(X0 .= : about 0.1 micrometers). 
Whenever [ tilt- angle ], measurement of theta may 
measure the surface profile of the whole 1 picture 
element, may choose suitably the field which has a 
criteria-profile and may measure it only about the 
field. Since the production approach of the 
reflective substrate mentioned above can form 
irregularity with sufficient repeatability, if the 
field which has a criteria-profile is sampled, it 
does not need to measure the surface profile of the 
whole 1 picture element. Thus, whenever 
[ tilt- angle / which was obtained ], from the 
measurement result of theta, when theta divided 
the number of less than 2-degree point of 
measurement by the number of all point of 
measurement whenever [ tilt-angle ], the rate of 
flat part area was computed. 

[0042] The example of a reflective substrate is 
shown in drawing 6 and drawing 7 . Drawing 6 (a) 
and drawing 7 (a) are the optical microscope 
photographs of the reflector of a reflective 
substrate, and drawing 6 (b) and drawing 7 (b) are 
histograms which show the result of having 
evaluated each surface profile. The rate of flat 
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part area of the reflective substrate 60 of drawing 
£ (part of the gray in drawing) was about 40%, and 
the rate of flat part area of the reflective substrate 
70 of drawing 7 (white part in drawing) was about 
12%. In addition, each microphotography is the 
result of observing a part of picture element of 
166micromx256micrometer. 

[0043] Using the various reflective substrates 
obtained as mentioned above, the 
above-mentioned reflective mold LCD 20 is 
produced, and the result of having evaluated 
paper White nature and contrast is shown in 
Table 1 and drawing 8 , respectively. Performing 
evaluation of paper White nature visually in the 
section indoor two or more fluorescent lamps exist, 
contrast evaluated the contrast at the time of 
vertical incidence using the power meter. 

0044] 

Table l] 
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[0045] Paper White nature falls as the rate of flat 
part area increases so that clearly from Table 1. 
When the rate of flat part area exceeded 80%, the 
phenomenon in which an observer's face was 
reflected to the screen was seen, and there was an 
impression dark on the whole. This shows that the 
rate of flat part area is 60% or less preferably 80% 
or less. 

[0046] On the other hand, if the rate of flat part 
area becomes high so that clearly from drawing 8 , 
contrast will tend to go up. Also in the reflective 
mold LCD using the substrate of 20% of rates of 
flat part area excellent in paper White nature, it 
turns out that contrast 4 is acquired. If there is 2 
more than contrast of the reflective mold LCD, it 
can be displayed, and practical use will be 
presented with it if there is 3 more than contrast. 
The reflective mold LCD using the reflective 
substrate whose rate of flat part area is 20 - 60% 
can perform a four or more-contrast ratio 
high- definition display while it is excellent in 
paper White nature, so that these results may 
show. 

[0047] (Relation between the concavo-convex 



difference of elevation and a retardation) When 
the electrochromatic display using the 
interference color in ECB mode is constituted, 
there is a problem that a reflection factor and color 
reproduction nature (color purity) fall by 
dispersion in the retardation of a liquid crystal 
layer. Then, in the reflective substrate which has 
irregularity (height), the conditions for obtaining 
the high display of contrast and color purity were 
examined. 

[0048] Drawing 9 is drawing showing the 
reflective mold LCD typically, and shows only the 
surface profile 92 and the liquid crystal layer 94 of 
a reflective substrate. The surface profile 92 can 
be measured using an interference microscope, as 
mentioned above. Since the surface profile 92 of a 
reflective substrate has irregularity, the thickness 
of the liquid crystal layer 94 has different 
thickness expressed with the minimum value dT 
(it corresponds to the top most* vertices location of 
the heights of a reflective substrate), and 
Maximum dB (it corresponds to the bottom point 
location of the crevice of a reflective substrate), 
respectively. In addition, when the surface profile 
92 of a reflective substrate has the heights from 
which height differs, for example like drawing 9 
(a) and a liquid crystal layer has thickness dTl 
and dT2, let the minimum value of these be the 
minimum value dT Thus, the reflection factor of 
the reflective mold LCD using the effectual 
retardation and such a reflective substrate of the 
liquid crystal layer 94 which have dispersion in 
thickness is the following, and is made and called 
for. 

[0049] As mentioned above, the minimum value of 
the thickness of the liquid crystal layer 94 is set to 
dT, maximum is set to dB, an auxiliary line 95 is 
drawn in a concavo-convex middle location 
(location where the thickness of the liquid crystal 
layer 94 becomes (dT+dB)/2), and it asks for the 
area carried out by the auxiliary line 95 for 2 
minutes. When area of the part which is below SI 
and an auxiliary line 95 about the area of the part 
above an auxiliary line 95 is set to S2, the 
reflection factor R of the reflective mold LCD is 
expressed with following (several l). A expresses 
the amplitude of light among the following 
formulas, and, as for lambda, the wavelength of 
light and deltan express the rate of a birefringence 
of a liquid crystal molecule, respectively. 
[0050] 

[Equation l] 

R = {Si /(St 4-S2)j * A 2 {(cos K(AndT/A)| 2 - (sin?c(AndT/yD) 2 j 2 
+ [S2/(Si+S2)}^A 2 {(cos«(Anda/A)P-(sinx(^ndB/Z)) 2 i 2 



[0051] Moreover, effectual retardation deltandE of 
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a liquid crystal layer is expressed with following 

(several 2). 

[0052] 

[Equation 2] 

AndE:=[Si/(S]+S2)}AndT + {S2/(Si+S2)}AndB 

[0053] Furthermore, change part deltan (dT-dB) of 
the retardation resulting from the concavo-convex 
difference of elevation is expressed below (several 
3) (it corresponds to the difference of the 2nd term 
of the right hand side of the above (several 2)). In 
addition, regardless of a sign, especially (dT-dB) 
expresses an absolute value, unless it refuses. 
[0054] 

[Equation 3] 

An(d T -d B )= jSi/(Si+S2)iAndr-{S2/(Si+S2)iAnd Q 

[0055] In addition, the method of asking for an 
above-mentioned reflection factor and an 
above-mentioned retardation with a natural thing 
is not restricted to the reflective substrate which 
was shown in drawing 9 (a) and which carries out 
surface profile **. Like drawing 9 (b), it is 
applicable also to the reflective substrate with 
which heights were formed by the low consistency 
like the reflective substrate with which heights 
were formed in high density, and drawing 9 (c). 
Furthermore, it is not restricted to what also 
showed the configuration of the surface profile of a 
reflective substrate to drawing 9 , but can ask for 
a reflection factor and a retardation about the 
reflective substrate which has the surface profile 
of various configurations. For example, it is 
applicable also to the reflective substrate which 
has the surface profile '"of the shape of a rectangle 

as. shown in drawing 4 (c).^ 

[0056] By the approach mentioned above while 
referring to drawing 4 , the various reflective 
substrates with which extent of the 
concavo-convex difference of elevation differs were 
produced, and the reflective mold liquid crystal 
display in the ECB mode a configuration of having 
been shown in drawing 2 was produced using 
those reflective substrates. The result of having 
investigated the relation of the effective 
retardation deltandE and the reflection factor 
which are given by (several 2) about the reflective 
mold LCD in the obtained ECB mode is shown in 
13 from drawing 10 . The axis of abscissa in the 
graph of 13 is the wavelength of the reflected light 
from the reflective mold LCD from drawing 10 , 
and an axis of ordinate shows a reflection factor. 
Respectively, a result in case effective retardation 
deltandE(s) of a liquid crystal layer expressed 
above (several 2) are 330nm ( drawing 10 R> 0), 
360nm ( drawing 11 ). 470nm ( drawing 12 ), and 
530nm ( drawing 13 ) is shown. Moreover, change 



part deltan (dT-dB) of the retardation resulting 
from the concavo-convex difference of elevation 
shows the result in Onm (equivalent to a specular 
reflection plate), 30nm, 40nm, and 50nm about 
each. As shown in these drawings, the 
electrochromatic display in ECB mode can be 
constituted by using for a reflection factor the 
phenomenon which wavelength dispersion 
(interference color) produces by the difference in 
the retardation of a liquid crystal layer. 
[0057] If change part deltan (dT-dB) of the 
retardation by the concavo-convex difference of 
elevation becomes large in all whose effective 
retardation value deltandE(s) of a liquid crystal 
layer are 330nm, 360nm, 470nm, and 530nm so 
that clearly from these drawings, the maximum 
permeability (crest) will fall and the minimum 
permeability (trough) will rise. Therefore, when 
the concavo-convex difference of elevation is too 
large, it turns out that contrast falls. Moreover, if 
the concavo-convex difference of elevation becomes 
large, since the steepness of the wavelength 
dependency (wavelength dispersion) of a reflection 
factor will fall, it turns out that the color purity of 
the reflected light falls. 

[0058] An above-mentioned result and a result in 
case change part deltan (dT-dB) of the retardation 
by the concavo-convex difference of elevation is 
lOnm and 20nm are doubled, the relation of the 
magnitude of change part deltan (dT-dB) of a 
retardation and the wavelength dispersion of the 
reflected light by the concavo-convex difference of 
elevation is summarized, and it is shown in 
drawing 14 . Drawing 14 R> 4 is the chromaticity 
diagram showing, the wavelength dispersion of the 
reflected light by change part deltan (dT dB) of the 
retardation resulting from the concavo-convex 
difference of elevation about the case where the 
effective retardation values of a liquid crystal 
layer are 330nm, 360nm, 470nm, and 530nm. In 
all wavelength ranges (330, 360, 470, and 530nm), 
signs that the chromaticity of the reflected light is 
approaching the flake (condition without 
wavelength dispersion) of a chromaticity-diagram 
center section are known as concavo-convex extent 
becomes large. It turns out that color purity will 
fall from this if the concavo-convex difference of 
elevation increases, and the color reproduction 
nature using the interference color of color display 
falls. 

[0059] Moreover, the relation of the change part 
deltan (dT-dB) of a retardation and contrast which 
originate in drawing 15 at the concavo-convex 
difference of elevation is shown. It turns out that 
contrast is falling as the concavo-convex difference 
of elevation becomes large so that clearly from 
drawing 15 . In order to acquire the practical 
contrast 3 from this drawing, it is required for the 
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value of change part deltan (dT-dB) of the 
retardation resulting from the concavo-convex 
difference of elevation to be 40nm or less, and it 
turns out that four or more contrast is acquired by 
35nm or less. Also about that of color purity, if 
change part deltan (dT-dB) of the retardation 
resulting from the concavo-convex difference of 
elevation is 40nm or less, if it is 35nm or less, the 
high display of color purity can be offered further 
practically satisfactory. 

[0060] (Relation between the concavo-convex 
difference of elevation and a threshold property) 
With the liquid crystal display in the ECB mode 
shown in the above-mentioned example, if the 
torsion angle of the twist orientation of a liquid 
crystal layer is enlarged, the threshold in the 
electricalpotential-difference-reflection factor 
property will become steep. In the liquid crystal 
display which has a steep threshold property, 
dispersion in the thickness of a liquid crystal layer 
turns into dispersion in threshold voltage, and 
falls display quality. 

[0061] Then, the conditions for applying to a STN 
mold liquid crystal display with the large torsion 
angle of the twist orientation of a liquid crystal 
layer were examined. The result as which 
concavo-convex difference -of-elevation | dT-dB | 
estimated the relation between the natural pitch 
P0 of a liquid crystal ingredient, a ratio (d/PO) 
with the eel gap (thickness of a liquid crystal 
layer) d, and the steepness alpha of a threshold 
property about the STN mold liquid crystal 
display of 240-degree twist using a reflective 
substrate (0 micrometer, 0.5 micrometers, and 1 
micrometer), respectively is shown in drawing 16 . 
[0062] In addition, the ratio (V90/V10) of the 
electrical-potential- difference value V10 to which 
a relative reflection factor reaches to 10%, and the 
electrical-potential- difference value V90 which 
reaches to 90% defined steepness alpha. 
[0063] For example, if it assumes applying the 
reflective mold LCD to a portable information 
terminal equipment, since it can be necessary to 
carry out a passive-matrix drive in 1/240 of duty 
ratios, as for the steepness of a threshold property, 
it is desirable that it is a value with the lower 
right lower than the border area (alpha= about 
1.06 to 1.07 range) shown with the slash of.** in 
drawing 16 . Moreover, in order to obtain the 
stable orientation of a liquid crystal molecule, as 
for d/PO, it is desirable that it is a value with the 
lower left smaller than the border area (about 0.48 
to 0.51 range) shown with the slash of ** in 
drawing 16 . It is based on the following reasons. 
If d/PO becomes larger than about 0.6, 240-degree 
twist orientation of a liquid crystal molecule will 
become unstable, it will become easy to generate a 
stripe domain, and, as a result, display quality 



will deteriorate. Moreover, if d/PO becomes smaller 
than about 0.42, since 60-degree twist orientation 
will become is easy to be formed, it is not desirable. 
Therefore, if the stability of the orientation of a 
liquid crystal molecule is taken into consideration 
even if there is some eel thickness nonuniformity, 
as for the natural pitch P0 of a liquid crystal 
ingredient, and the ratio (d/PO) with the eel gap d, 
it is desirable that it is in about 0.48 to 0.51 range. 
[0064] If concavo-convex difference -of-elevation 
I dT-dB I becomes large so that clearly from 
drawing 16 , steepness will fall (it shifts above [ in 
drawing 16 ]). Therefore, in order to realize 
steepness and stable orientation, about 1 
micrometer or less is more preferably understood 
that it is about 0.5 micrometers or less as extent of 
the concavo-convex difference of elevation. 
Moreover, in the STN mold liquid crystal display 
corresponding to the point (**, O, and *) of drawing 
16 , neither a stripe domain nor 60-degree twist 
orientation was seen. 

[0065] In addition, the problem of the 
above-mentioned threshold property is 
remarkable in a STN mold liquid crystal display 
with a large torsion angle, for example, does not 
pose a problem especially in the liquid crystal 
display in parallel orientation mode. 
[0066] 

[Effect of the Invention] According to this 
invention, it excels in paper White nature, and the 
high reflective mold liquid crystal display of 
contrast is offered. Furthermore, color purity is 
high and the reflective mold liquid crystal display 
with which **** has a threshold property is 
offered. These reflective . .mold liquid - crystal 
displays are used for electronic equipment 
including a portable information terminal 
equipment. 

[Brief Description of the Drawings] 
[Drawing ll It is the functional model Fig. of the 
reflective mold liquid crystal display in ECB mode. 
[Drawing 2l It is the sectional view of the 
reflective mold liquid crystal display 20 in the 
ECB mode by this invention. 

[Drawing 31 It is the plan of the lower substrate 25 
of the reflective mold liquid crystal display 20. 
[Drawing 41 It is the sectional view which explains 
like the manufacture line of the lower substrate 25 
of the reflective mold liquid crystal display 20. 
[Drawing 51 It is drawing showing the evaluation 
approach of the rate of flat part area of a reflective 
substrate, (a) is drawing showing the shape of 
surface type of a reflective substrate typically, and 
(b) is drawing showing whenever [ tilt- angle / 
which is called for from a surface profile ]. 
[Drawing 61 It is drawing showing a reflective 
substrate substrate, (a) is the optical microscope 



photograph of the reflector of a reflective 
substrate, and (b) is a histogram which shows the 
result of having evaluated each surface profile. 
fDr awing 7l It is drawing showing a reflective 
substrate substrate, and (a) is the optical 
microscope photograph of the reflector of a 
reflective substrate, and (b) is a histogram which 
shows the result of having evaluated each surface 
profile. 

fDrawing 8l It is drawing showing the relation 
between the rate of flat part area of a reflective 
mold liquid crystal display, and contrast. 
[Drawing 9l It is drawing showing a reflective 
mold liquid crystal display typically. 
fDrawing 101 It is the graph which shows the 
relation between the effective retardation of a 
liquid crystal layer, and a reflection factor. 
fDrawing 111 It is the graph which shows the 
relation between the effective retardation of a 
liquid crystal layer, and a reflection factor. 
fDrawing 121 It is the graph which shows the 
relation between the effective retardation of a 
liquid crystal layer, and a reflection factor. 
fDrawing 13l It is the graph which shows the 
relation between the effective retardation of a 
liquid crystal layer, and a reflection factor. 
fDrawing 14] It is the chromaticity diagram 
showing the wavelength dispersion of the reflected 
light by the reflective substrate with which the 
concavo-convex differences of elevation differ. 
fDrawing 151 It is the graph which shows the 
relation between the difference of elevation of the 
irregularity of a reflective substrate, and contrast. 
fDrawing 161 It is drawing showing the relation 
between the natural pitch PO of a liquid crystal 
ingredient, a ratio (d/PO) with the eel gap d, and 
the steepness alpha of a threshold property. — 
[De scrip tion of Notations] 

2 Polarizing Plate 

3 Phase Contrast Plate 

4 Liquid Crystal Layer 

5 Reflecting Plate 

10 Reflective Mold Liquid Crystal Display in ECB 
Mode 

20 Reflective Mold LCD 
20a Liquid crystal cell 

22 Polarizing Plate 

23 Phase Contrast Plate 

24 Liquid Crystal Layer 

25 Lower Substrate (Reflective Substrate) 

26 Up Substrate 

27 Transparence Substrate 

28 Transparent Electrode 

29 35 Orientation film 

31 Transparence Substrate 

32 Height 

32a Large height 
32b Small height 
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33 Macromolecule Resin Layer 

34 Reflecting Layer (Reflector) 

41 Resin Layer 

41a Large projection 
41b Small projection 

42 Photo Mask 

42a Protection-from-light section 

50 Reflective Substrate 

51 Scanning Line 

52 Surface Profile 

53 Tangent 

92 Surface Profile 

94 Liquid Crystal Layer 

95 Auxiliary Line 
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